(neuro-images) are two-dimensional images reconstructed from one-dimensional electroencephalogram (EEG) signals. 1 Rhythmic (and some arrhythmic) functional, as well as anatomical abnormalities can be observed in these images. Accurate reconstruction of the images requires an efficient restoration of the signals, as well as variable positioning of the EEG electrodes. Application of an efficient blind signal separation (BSS) technique 2 not only removes the noise, but also separates each electrode signal from the combination of multisource signals. In addition, the method adjusts the filter coefficients to enable maximum separation. This is achieved when an optimum electrode positioning is obtained.
p SEUDO-COLORED REAL-TIME brain maps (neuro-images) are two-dimensional images reconstructed from one-dimensional electroencephalogram (EEG) signals. 1 Rhythmic (and some arrhythmic) functional, as well as anatomical abnormalities can be observed in these images. Accurate reconstruction of the images requires an efficient restoration of the signals, as well as variable positioning of the EEG electrodes. Application of an efficient blind signal separation (BSS) technique 2 not only removes the noise, but also separates each electrode signal from the combination of multisource signals. In addition, the method adjusts the filter coefficients to enable maximum separation. This is achieved when an optimum electrode positioning is obtained.
BSS is a new era in signal processing, and is widely demanded for separation of source signals from their mixture without any priori knowledge about the sources and their combination. A mature approach exploits higher order statistics 4 in order to extract each signal from the mixture. Here, a novel iterative algorithm based on minimization of fourth- 
RECONSTRUCTION OF IMAGES
Four images for four frequency sub-bands are then reconstructed. Delta band includes the frequency range f < 4 Hz. The tetta band falls within 4 to 8 Hz, the alpha band contains the components 8 < f < 14 Hz, and the beta band consists off > 14 Hz. The spectrum of each EEG signal is estimated using autoregressive (AR) criterion. In comparison to the Fourier transform method, AR-based spectrum estimation removes idle signal effects more efficiently and further decorrelates various signals. Energy of each signal, as well as its peak value for each sub-band, is measured and assigned to the corresponding electrode positions. Bicubic extrapolation criterion is then exploited to provide a two-dimensional image. Four-color images are then produced by pseudo-hot coloring those images. Cold and hot colors represent less and high activity regions of the brain, respectively.
THE EXPERIMENT AND RESULTS
A set of long-term EEG records was used for the expe¡ Only 8-pin EEG was used. Brain damage and tumors (anatomical abnormalities) and rhythmic abnormalities such as CJD (functional abnormalities) can be easily detected by browsing these images. Frequent arrhythmic problems give rise to the overall spectrum energy, which can also be detected. The images reconstructed using the above method are very informative and provide a comprehensive visualization for physicians and neurodiagnostic specialists. Figures 1 and 2 show normal cases for the traditional method and when BSS is used, respectively. Figures 3 and 4 illustrate a patient with CJD using the same methods.
Finally, Figs 5 and 6 highlight a tumor in the front-lateral part of the brain. An extreme enhancement of the results can be easily seen when the proposed method is applied.
